behavioral and emotional reactions during the time of adolescence, particularly in reaction to stressors like the loss of a loved one or family member.
Studies have identified sex differences in brain structure and size , and these differences vary by chronological age (Ruigrok et al., 2014) . First, across the lifespan, males have an average of 10% larger brain volume compared to females (Ruigrok et al., 2014; Paus et al., 2017) . In addition, across all age groups, males consistently show a relatively stable 9 to 14% larger cortical gray matter and peak density occurs at the age of 14.5 years among males versus peak female brain size at 10.5 years (Giedd et al., 2012) . White matter, due to myelinated axons, grows more rapidly in males than females (Perrin et al., 2008) . This higher density of white matter in males indicates a sexual dimorphism seen across all ages of development (Paus, 2010) .
In addition to white and gray matter, sex differences in brain size and development can be seen in the limbic system, specifically the amygdala and hippocampus (Gur et al., 2002) . A high density of androgen receptors are found in the amygdala, while a high number of estrogen receptors reside in the hippocampus (Giedd et al., 2012) . When evaluated during adolescence, males are seen to have larger gray matter volume in the amygdala while females have a larger hippocampus (Giedd et al., 1997; Neufang et al., 2012) . Behavioral reactivity from activation in brain regions that exhibit sex differences may show not only an increased emotional response in adolescence, but also increase the sex gap in behavioral and emotional responses to grief.
Combining Sex, Brain Structure, and Behavior
The differences in brain structure sizes in males compared to females can be applied to known internalized and externalized behaviors that are linked to different areas Sex Differences in Grief During Adolescence 6 of the brain. One example that encompasses sex differences in behavior and brain structure is the extensively studied history of depression. Adolescent females are two times more likely than adolescent males to be diagnosed with anxiety and depression during adolescence (Rutter et al., 2003) . Relating to neuroimagry, this is not surprising, as depression and anxiety have been linked to disrupted hormone levels, particularly estrogen, as well as differing hippocampal volumes (Albert, 2015) .
The prevalence of a major depressive episode lasting at least 30 days is about 2% in childhood, then climbs to 6% in adolescence, and begins to decline in early adulthood (Costello et al., 2002) . The increased rates of depression are in conjunction with reduced activity in the left dorsolateral prefrontal cortex (dlPFC) (Engels et al., 2010) . The dlPFC is a superiorly located brain region in the prefrontal cortex is most associated with sensory input from associated brain regions, of which include the amygdala and hippocampus, and exudes cognitive as well as executive functions based on emotion sensory inputs (Koenigs & Grafman, 2009 ). In addition to the decline in activation of the dlPFC during depression (Frodl et al., 2006) , it has been found depressed individuals have increased levels of amygdala activity (Hamilton et al., 2008) . Furthermore, depression is also associated with smaller hippocampal volumes and experienced a continuum with a decreasing hippocampal size indicating poorer performances on depression analysis (Frodl et al., 2006) .
Females have a slightly smaller baseline amygdala and larger hippocampal volume compared to males, but in contrast, depressed individuals, including both males and females tend to have smaller hippocampal size and larger amygdala activation as well as decreased activity in the dlPFC. (Koenigs & Grafman, 2009 ). While it is not fully Sex Differences in Grief During Adolescence 7 understood why adolescent females are more at risk for depression, it is theorized that sex differences may be due to the high levels of sex hormone receptors resulting in higher levels of depression in females (Angold et al., 1999) . Thus, it is possible that requiring a predetermined larger hippocampal size in females, any disruption in size could result in exacerbated behavioral responses.
Disruption in the normal baseline differences in brain structure size can be seen during adolescence due to both the rapid maturation of brain structures, and the formation of neuronal pathways for communication (Thapar et al., 2012) . This quick development of specific immature brain structures during adolescence allows for much discrepancy when the genetic influences as stated above, as well as environmental influences, contribute to the way the brain structure ultimately develops (Thapar et al., 2012) . The result of grief is often an immense level of stress on the body. For adolescents, in particular, stress adaption can be difficult (Cohen & Mannario, 2016) . The hippocampus, prefrontal cortex, and amygdala that rapidly mature during adolescence have been shown to be the brain structures most affected during stress (Giedd & Rapoport, 2010) . This puts adolescents at an increased risk of behavioral reactivity to stress (Romeo, 2014) , and thus grief. The objective for this meta-analysis is to determine the extent to which sex differences in internalized and externalized expressions of grief during adolescence exist.
Specifically, this meta-analysis investigates sex differences of internalized behavior, externalized behavior, and PTSD symptoms related to grief during adolescence.
Method

Literature Search
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Quantitative studies that reported sex differences in grief responses during adolescence were identified using several online databases: PsycInfo, PsycArticles, Academic Search Complete, ERIC, and Medline. For each database, the same combinations of keywords were used: "adolescent OR teen OR adolescence OR youth" and "grief OR bereavement" and "gender OR sex". The online database search took place in September of 2016, and results were narrowed by publication year to only include published studies from January 2001 to September 2016. All studies included the analysis were published after 2001 to achieve a more accurate representation of the grief experiences of contemporary adolescents. In total, 325 studies fit the inclusion criteria (see Inclusion and Exclusion Criteria section). Of these studies, 111 were identified as duplicates, resulting in a total of 214 unique studies. After excluding studies that did not fit the criteria for reasons discussed below, 14 studies were included in the analysis.
Inclusion and Exclusion Criteria
For a study to be included in this meta-analysis, four inclusion criteria were applied. First and foremost, this study investigated adolescents aged 18 years or younger.
The studies that were included were narrowed to an average minimum age of 8.31 and an average maximum age of 16.79. Studies included in the analysis either limited their sample to adolescents or conducted separate analyses with participants in subgroups by age range (i.e., childhood vs. adolescence vs. adulthood). Second, the adolescent reporting on grief in the study must have known the individual who died (i.e., a direct relationship; parent, sibling, close friend). Third, data collected in the included studies needed to report on internalized behaviors, such as depression or anxiety, externalized behaviors, such as self-harm or delinquency, or PTSD symptoms, such as sensitivity to Sex Differences in Grief During Adolescence 9 particular stimuli or flashbacks for inclusion. Finally, sex differences in these behaviors needed to be reported or available to allow for a comparative analysis of behavior in adolescence by sex.
Studies were excluded from analysis if they reported qualitative data. Studies were not included if the adolescent reported their grieving reactions to a person with a terminal illness who had not yet died. Studies were also excluded if they did not report or were unable to provide disaggregated data based on sex, or if the age range varied too widely across the lifespan and separate analyses were not available upon request. Finally, studies were also excluded if the death occurred when the participant was an adolescent but data collection occurred during adulthood.
Reported and Coded Data
Studies included interviews, questionnaires, surveys, and self-report measures to obtain data. Furthermore, scales used to evaluate behaviors varied across studies; thus, Cohen's ds were calculated in order to standardize the difference in mean values between male and female adolescents on the three separate outcomes evaluated (i.e. internalizing, externalizing, and PTSD). Cohen's d values were calculated d = (M1-M2) / sdpooled with M1 as the adolescent male mean for a subgroup, M2 as the adolescent female mean for a subgroup, and sdpooled as the standard deviation of the subgroup pooled sample (Card, 2016) . Positive Cohen's d values indicated that adolescent females engaged in a particular outcome more frequently than adolescent males, and negative values reflect the opposite relationship. Cohen's d values are not bound by an integral (i.e., ± 1.00) meaning the farther away the value is from 0, the larger the difference. The use of a fixed effects model was to deduce a conclusive finding as to which sex exhibited the subgroup Sex Differences in Grief During Adolescence 10 behavior more often during grief, thus eliminating generalizations or interpretive results by combining the single effect size for a study with the deviation of the study from the total population effect size. Effect sizes were weighted based on number of participants (Card, 2016) . Q values were calculated to represent the extent of heterogeneity in the analysis and I 2 was used to quantitatively display the percent variability in the effect size (Card, 2016) . Several study and sample characteristics were coded: mean age; percent male; race and ethnicity; geographic location of the study; the relationship the adolescent had to the individual who had died; whether the death was expected, unexpected, or occurred from suicide or a natural disaster; year of data collection; and time elapsed since the death occurred.
Results
Of the 14 independent studies comprising this meta-analysis (see Table 1 ), 6,979 participants were included. The mean age of the participants was 12.22 years (SD = 2.31).
The average minimum age of participants was 8.31 years of age while the average maximum age of participants was 16.79 years. Across studies, the participants were equally represented in terms of sex assigned at birth: 50% male and 50% female. Asian and white participants comprised most of the participants with 60.43% and 36.59%
respectively. Studies (n = 6) were conducted in the United States and Canada, Europe (n = 6), as well as one from Japan and another located in South Africa. The duration between the time of death and the time the of data collection ranged from 1 month to 9.5 years with an average lag time of 27.48 months.
The studies included a representative sample of types of losses including those that were expected (n = 7) and unexpected (n = 7); of the unexpected deaths, suicide was Sex Differences in Grief During Adolescence 11 frequently a contributing reason (n = 5). Only one study investigated grief after a natural disaster (i.e., death by earthquake or natural disaster-related fatal injuries). Most studies included participants who have lost a parent (n = 11), with some examining the death of a sibling (n = 6). Other studies incorporated the death of a grandparent, classmate, or someone they really cared about (n = 4). Of the studies that investigated the death of a grandparent, classmate, or someone they really cared about, adolescents who have lost a parent or sibling were also included. Only one study investigated exclusively the death of a grandparent.
Internalizing Behaviors
Internalizing behaviors of grief studies focused on anxiety and depression. Six of the 14 included studies collected data on internalizing behaviors related to grief. The difference between adolescent males and females experiencing internalized expression of grief ranged from -0.67 to 0.65 across studies (see Figure 1 ). An average effect size was calculated through a weighted fixed effects model. Using Cohen's guidelines for interpreting effect sizes ("small" d=0.2, "medium" d=0.5 and "large" d=0.8), an analysis of internalizing behaviors revealed a small effect size (d =.18). This finding suggests that adolescent females were slightly more likely than males to exhibit internalizing behaviors related to their grief. Tests of heterogeneity revealed significant variability in this effect size (QTotal (df = 5) = 34.28, p < .001), with I 2 = 82.5%.
Externalizing Behaviors
Studies investigated several externalizing behaviors of grief included behaviors such as self-injury, hyperactivity, delinquency, and peer and conduct problems. Nine studies were included that reported externalizing behaviors of adolescent grief. The zero (d = .03), suggesting that there was no difference between adolescent males and females in externalized behaviors of grief. Importantly, tests of heterogeneity revealed considerable and significant variability within this effect (QTotal (df = 8) = 118.22, p < .001), with I 2 = 94.92%.
PTSD Symptoms
PTSD is unique in the fact that it cannot be exclusively included as an internalizing or externalizing behavior. Rather, separating PTSD into its' own category allows for a better understanding of the prevalence grieving adolescents experience PTSD. Of the four studies that collected data on PTSD symptoms after a death, all four reported girls were more likely to experience PTSD (Cohen's ds ranged from 0.16 to 0.46). The average weighted effect size showed a small to medium mean difference (d = .36). Tests of heterogeneity revealed no significant variability across studies (QTotal (df = 3) = 8.67, p < .001), with I 2 = 0.01%. These tests indicate that female adolescents were more likely to experience PTSD symptoms after a loss compared to male adolescents, and that this difference is consistent across studies.
Discussion
The findings of this meta-analysis suggest that female adolescents are more likely than male adolescents to exhibit internalized symptoms as well as PTSD symptoms as grief responses to the death of family member of friend. Equally significant, this metaanalysis found no difference by sex in the likelihood of an adolescent engaging in externalizing behaviors when faced with the death of a family member or friend. Yet, it is Sex Differences in Grief During Adolescence 13 important to note that while this meta-analysis provides the literature with more conclusive summary information about the effects of grief during a particular age and across sex categories, it is likely that an individual will exhibit a collection of behaviors of varying degrees. For example, while adolescent females were more likely to report signs and symptoms of PTSD grief responses, the conclusion that adolescent males do not display PTSD symptoms after grief is not what our data imply. Rather, grieving behaviors observed for both males and females should be understood as occurring on continuum with behavioral tendencies of fluctuating quantities.
Moreover, adolescents are not the only population subject to grieving behaviors.
However, due to adolescents' very active limbic systems (Casey et al., 2008) , adolescents are potentially more susceptible to the emotional and behavioral repercussions and manifestations related to the death of a family member or friend compared to children and adults. As behaviors, coping mechanisms, and emotional development mature throughout adolescence (Blakemore, 2008) , studying grieving responses in adolescence is arguably important in order to assist in the optimal developmental of an individual. In other words, the experiences that occur during adolescence have the ability to shape the individual throughout adulthood. This carry-over effect can be seen through the longterm effects of grief during adolescence as studies have indicated grief predisposes an adolescent to detrimental health outcomes later in life (Brent et al., 2012) , as well as an increase in likelihood of mental illness in adulthood (Boelen & Spuij, 2013) . Negative external behavior responses, such as delinquency, can also continue for a grieving adolescent throughout adulthood (Melhem et al., 2011) . Understanding and intervening in Sex Differences in Grief During Adolescence 14 the adolescent bereavement process has the potential to benefit the individual and society for decades (Green et al., 1984) Sex Differences: Implications for Intervention
We found that adolescent females were slightly more likely to exhibit internalizing grieving behaviors and PTSD responses to death compared to adolescent males. Within our subsample of internalizing behaviors in this study, only two studies showed a small to moderate strength mean-level difference indicating adolescent males were more likely to exhibit internalizing behaviors (Haine et al., 2006; Kalter et al., 2003) . These studies, like their counterparts that indicated female adolescents internalize grief more than male adolescents, studied a mixture of causes of death, including those that were expected, unexpected and by suicide. Also, variations could not be attributed to the data collection method, nor the race or ethnicity of the samples. However, only when the death occurred more recently (19 months or less) were adolescent males more likely to display internalizing behaviors compared to females. As duration between time of death and survey completion lengthened, there was a shift from adolescent males experiencing more internalizing grief to adolescent females about two years after the death.
Due to the small number of studies that were included in the subgroups examining internalized behaviors, it is not possible to conclusively attribute time elapsed between death and survey to the sex differences in internalizing behaviors. Nonetheless, this trend should be examined in future research, as it would have important implications for intervention practices. In addition to differing brain structures at play, such as female's larger hippocampus (Neufang et al., 2012) , possibly resulting in longer-term (Gearing et al., 2015) . This finding could explain the periodic shift away from adolescent male grief, as they may not feel the social and familial support, but rather ostracized by their grief when their peers are not exhibiting the same behaviors. The stigma behind mental health itself needs to be addressed to incorporate support services, family engagement, and academic assistance.
Similar to internalizing symptoms, a small to medium effect size was seen in female adolescents being more likely to exhibit PTSD symptoms associated with grief compared to male adolescents. Importantly, there was no variability across studies in this comparison by sex. This finding is important when keeping in mind the possible longterm effects of a death during adolescence as PTSD symptoms can reemerge or manifest throughout a person's lifetime and are prevalent years after the death (Green et al., 1984) .
The studies that reported PTSD symptoms often included unique situations of loss ranging from the death of a parent from AIDS (Culver, 2007) to sudden death from a natural disaster (Usami et al., 2012) . Also included in these studies were instances of PTSD from death by suicide (Culver, 2007; Boelen & Spuij, 2013) .
Treatment for PTSD is limited; for example, 36% of adolescents drop out of therapies that focus on trauma (Imel et al., 2013) . In addition, PTSD treatment therapies do not always show improvements in individuals, thus limiting their effectiveness and desirability as a resource for adolescents who have PTSD (Steenkamp et al., 2015) .
Rather than being an indicator of how to shape PTSD therapies, the frequency of female Sex Differences in Grief During Adolescence 16 adolescents experiencing PTSD symptoms from grief found from this meta-analysis first and foremost documents the urgent need to for more research to understand how to best treat PTSD symptoms among adolescents. In addition, finding non-invasive therapies and adjustment styles for grieving adolescents with PTSD is important.
No significant sex difference was found in the likelihood to display externalized behaviors during grief. It is important to note that externalized expressions of grief included a vast range of behaviors. Behaviors ranged from delinquency and "acting out"
to behaviors like self-harm to school truancy and property damage (Shaver, 2013) . This finding may be an overall behavioral response of the limbic system overriding the prefrontal cortex in general during adolescence rather than a specific brain region associated with a behavioral response (Blakemore, 2008) . Nonetheless, the lack of sex differences in externalized grief is of critical importance for future research. As there are many different kinds of physical behaviors that can be seen with grief, the next steps in understanding externalized grieving patterns is to narrow the externalized behaviors being evaluated. Understanding whether propensities to engage in more nuanced externalized behaviors differ by sex assigned at birth can help practitioners, parents, school counselors and teachers identify when an adolescent is experiencing grief. In addition, as there was no significant difference in externalized behaviors by sex, future research and practice can use this information to acknowledge that all adolescents (not just males) are likely to have externalizing manifestations of their grief. This possibility will allow programs and interventions to channel externalized grief responses into more positive and constructive behaviors.
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In addition to understanding the frequently observed grieving behaviors, intervention and resource strategies have the potential to mitigate harmful grieving behaviors from progressing. On occasion, grief has been seen to manifest into prolonged grief disorder (Melhem et al., 2007) causing substantial separation distress that leaves the individual in a sustained state of shock that has a negative affect on daily life (Prigerson et al., 2009) . Complicated grief occurs when a person's grief is so persistent and intense that the individual suffers physical distress, as well as the increased likelihood dying by suicide (Nam, 2016) . Addressing sex differences in internalized, externalized, and PTSD behaviors in adolescent grief has the potential to not only assist the adolescent in bridging the gap to achieve a healthy future free of long-term effects of grief, but also stop assist individuals experiencing more intense forms of grief.
This meta-analysis investigated internalizing behaviors, externalizing behaviors, and PTSD symptoms separately in an attempt to exclusively attribute certain grief behaviors with a particular sex. When applying these results to grief support practice, it is important to emphasize that grief is often multifaceted, often with internalizing, externalizing, and PTSD symptoms co-occurring (Javdani et al., 2017) . When helping a grieving adolescent, each individual should be assessed independently with the findings of this meta-analysis as a guide.
Limitations
While this meta-analysis incorporated studies from across the world, studies form Europe and North America were overrepresented. Many cultures and populations were not represented in this study, as grief data was not readily reported in these locations or did not meet the criteria of this meta-analysis. Cultural considerations outside of
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geographical location, such as socioeconomic status, were not well-documented across studies. For this reason, we were not able to examine associations among our outcomes and demographics relating to religion, education, and income, and thus it is a concern that underrepresented populations may not have been adequately represented in this metaanalysis. Thus, the generalizability of our findings is limited to the selected set of studies included in the analysis.
Grief due to the loss of a parent was found to be the most common death among the studies investigating adolescent grief. While information about grief responses to the death of a parent is critically important, results from this meta-analysis may more adequately represent adolescents who are grieving a family member, such as a parent, rather than an individual outside of familial ties such as a teacher or classmate. Further, given the small selection of studies available for inclusion in the study, the analysis was not able to account for the differences by relation of the deceased or cause of death.
Conclusion
Adolescence is an emotional time of life accompanied by behaviors driven by the limbic system due to an underactive prefrontal cortex (Blackmore, 2008) . In addition, internalizing behaviors, externalizing behaviors, and PTSD symptoms are commonly observed among grieving adolescents. Like any life event, grief is complex, but investigating the manifestations of grief during a critical time period in a developing life, interventions can be introduced in order to help the individual adjust for their most optimal life outcomes possible. The results of the study suggest that with the prevalence of adolescent grief and the likely behavioral outcomes associated differs by sex, suggesting that there is much progress to be done to help grieving adolescents. 
